Overyielding is a common phenomenon. Overyielding of dominant grasses when in competition with common forbs during grassland restoration could lead to lower plant diversity. My objective was to characterize overyielding of Andropogon gerardii in competition with fcommon forbs. I collected soils representing different stages of restoration (0, 4, and 16 years restored) and conducted a pairwise competition experiment with a dominant grass, Andropogon gerardii, in competition with four subordinate forbs (Oligoneuron rigidum L., Liatris punctata Hook, Lespedeza capitata Michx., or Desmanthus illinoensis Michx.). Relative yield indices (RY) were calculated by comparison with a two-individual monoculture of A. gerardii with both per grass biomass and per grass net absolute tiller appearance rate (TAR). Overyielding of A. gerardii was in competition with Oligoneuron rigidum was indicated by RY values (greater than1) using both biomass and TAR measurements. These findings suggest that O. rigidum should be given low priority for inclusion in tallgrass prairie restoration seed mixes.
Introduction
Plant communities in grassland restorations undergo rapid changes (Manning & Baer, 2018; Scott and Baer, 2019) coinciding with dynamically changing soil properties (Rosenzweig et al. 2016; Scott et al., 2017) and thus could change the cover of dominant grasses. Further, plant richness declines with grassland restoration age (Sluis, 2002; Camill et al., 2004; Hansen & Gibson, 2014) due to increasing cover of dominant grasses. Whether overyielding (i.e. more biomass production in mixture relative to monoculture) of a dominant grass occurs during competition with forb species within grassland restoration remains unclear. In this follow up report to Scott & Baer (2018) , which described soil influence on performance of a dominant grass, I report on overyielding of dominant grass in competition with common forbs during tallgrass prairie restoration.
There is a great deal of empirical support for overyielding (Hector et al., 1999 , Tilman et al., 2001 Loreau & Hector, 2001) . Overyielding is also expected to occur commonly and reach equilibrium quickly based on theoretical analyses (Beckage & Gross, 2006) . Because of this expectation, a way to screen for overyielding of a dominant grass when in competition with common forbs is useful for planning diverse grassland restorations.
The objective of this study was to determine if overyielding occurred when a dominant grass was in competition with a common forb in restored grassland soil. First, I sought to show that competition occurred during the experiment by comparing biomass of a single dominant grass, Andropogon gerardii, to a two-individual monoculture of A. gerardii. Then I tested if relative yield (RY) index values of A. gerardii were greater than 1 (indicating overyielding) for each forb competitor species. I hypothesized that A. gerardii would show overyielding when in competition with the 4 common forbs tested.
Methods
Soil sampling and seed collection was performed at Konza Prairie Long-Term Ecological Research (LTER) site located approximately 9 km southwest of Manhattan, Kansas (39°050 N, 96°350 W). Mean annual precipitation is 835 mm and the average annual temperature is 12.7°C, with hot summers and cold winters (NOAA/ESRA seed. Soils in these fields were classified as Reading silt loam soil formed from alluvial silt deposits, with 0-1% slopes (fine silt, mixed, superactive, and mesic Pachic Argiudoll; USDA Web Soil Survey; USDA 2014). Soils were sampled the following adjacent areas: a cultivated field (initial conditions of restoration), 4-y restored prairie, and 16-y restored prairie. Multiple soil restoration ages allowed us to make generalizations about competition during the process of grassland restoration.
Soil cores (7.62 cm diameter x 20 cm deep) were sampled with PVC coring devices in April 2014. Cores remained in the coring devices throughout the experiment to maintain soil structure. Coring devices containing intact soil cores were placed in the Horticultural Research Greenhouse at Southern Illinois University. Plants in this greenhouse experiment were grown from seed collected from native prairie near the restored soils. Soils were scarified to a depth of 2-4 mm before adding seeds. After 4 weeks, most seeds had germinated. The experiment was maintained for an additional 18 weeks. Greenhouse temperatures ranged from 15 to 30 °C with 15-h photoperiods (supplemental sodium halide lights). Soils were maintained at approximately field capacity by watering cores to saturation daily and allowing water to drain freely. Coring devices were evenly spaced throughout the 18-week greenhouse experiment to minimize shading of plants in other coring devices. Coring devices were spread over two greenhouse benches, with half of the soil restoration age by competitor species replicates on each bench. Light and water resources were provided in excess because I was interested in soil resources that dynamically change with restoration age.
Andropogon gerardii Vitman growing as single plants, in a two-individual monoculture of A. gerardii, and in 1:1 interspecific competition with common forbs (Oligoneuron rigidum L., Liatris punctata Hook, Lespedeza capitata Michx., or Desmanthus illinoensis Michx.) were used, with four replicates in each of the three soil restoration ages (0, 4, or 16 years of restoration; taxonomy according to USDA plants database). Biomass of the single grass was subtracted from the per plant biomass of the two-individual monoculture of A. gerardii to validate our assumption that competition occurred. Multiple soil restoration ages were used because changes in soil microbial, nutrient, and structural conditions were previously detected (Table 1) . Tiller (shoot grown after the parent shoot, which emerged from seed) abundances were measured weekly and used to calculate net tiller appearance rate (TAR). Aboveground biomass was collected at the end of the experiment, dried at 55 °C, and weighed. Relative yield (a competition importance index) based on tillering rate or aboveground biomass was then calculated (de Wit 1960; RY a,b = Y mix /Y mono , with d A = d a + d b ) as the quotient of per plant performance in mixture and monoculture, with equal densities in monoculture and mixture.
Statistical Analyses
All statistical analyses were performed in R (The R Foundation for Statistical Computing, 2017), with Welch t-tests and one-sample t-tests performed in the package ggpubr (Kassambara, 2018) . The alternative hypothesis that additional biomass in the single grass was greater than 0, indicating competition occurred, was tested with Welch t-tests for each soil restoration age. This information was displayed in a box plot of restoration age with a global mean displayed.
Significant outliers (Grubbs test for each competitor species by soil age group after passing a Shakiro-Wilk test of normality) of relative yield based on biomass measurements (RY biomass) and (RY TAR ) were also treated as missing values. There were missing values because of plants that never emerged. I did not block by greenhouse bench because Welch t-tests indicated that there was no difference in means of RY biomass (t 37 = -0.84, P = 0.4096) and RY TAR (t 42 = 0.72, P = 0.477).
Possibility of A. gerardii overyielding when in competition with common forbs was evaluated by testing if RY biomass and RY TAR > 1 in soils where evidence of competition was found. Relative yield values less than 1 lesser performance in mixture compared to monoculture; values greater than 1 indicate greater performance in mixture compared to monoculture (de Wit 1960; Weigelt & Jolliffe 2003) . This comparison was performed with one-sample t-tests for each forb competitor species. Boxplots were created for each forb competitor with a solid line at RY = 1.
Results
Per grass biomass was greater in single grass cores compared to two-grasses per core ( Fig. 1 ), suggesting A. gerardii competition occurred under greenhouse conditions. Andropogon gerardii exhibited overyielding, as indicated by RY biomass , with Liatris punctata (mean = 1.75, t 10 = 2.68, P = 0.012) and Oligoneuron rigidum (mean = 1.83, t 10 = 3.41, P = 0.003), but not Desmanthus illinoensis (mean = 0.96, t 10 = -0.20, P = 0.579) and Lespedeza capitata (mean = 1.26, t 11 = 0.74, P = 0.238; Fig. 2) . Andropogon gerardii exhibited overyielding, as indicated by RY TAR , with Oligoneuron rigidum (mean = 2.45, t 10 = 2.68, P = 0.012), but not Desmanthus illinoensis (mean = 1.27, t 10 = 0.75, P = 0.235), Lespedeza capitata (mean = 1.04, t 10 = 0.47, P = 0.324), and Liatris punctata (mean = 2.46, t 10 = 1.80, P = 0.051; Fig. 3 ). A solid line represents RY =1; a RY value above 1 indicates overyielding. Andropogon gerardii competition with a forb that resulted in RY greater than 1, according to a one-sample t-test, was marked with an *. Abbreviations are the same as in Figure 2 .
Discussion
Choosing an appropriate seed mix for grassland restoration remains a challenge. Response surface regression has suggested that 35 species in a seed mix with a moderately high seeding rate provides the greatest restoration success, at least in the short term (Barr et al., 2017) . However, the Barr et al., analysis did not examine plant diversity in the longer term, where plant is expected to decrease due to increased cover of dominant grasses (Sluis, 2002; Camill et al., 2004; Hansen & Gibson, 2014) . Results from this competition experiment suggest that some common forbs (e.g. Liatris punctata and Oligoneuron rigidum) could promote overyielding of the dominant grass, A. gerardii, during tallgrass prairie restoration. These species should be given low-priority for inclusion in seed mixes. The pairwise competition across soils of differing restoration ages presented in this study provides a novel way to screen for suitable forb species for grassland restoration.
While the current study provides a screening method for species prioritization, it is important to note some limitations. This does not account for non-equilibrium dynamics that are expected to influence plant diversity in grassland systems due to drivers such as grazing, fire, climatic fluctuations (Soussana & Lafarge, 1998) . Despite these limitations, this study provides a method for choosing species that will not promote overyielding of a dominant grass.
